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© The present invention relates to a needleless 
access device (10) and method of using the device. 
The needleless , access device (10) has a housing 
(12) having an inlet opening (6) and an outlet open- 
ing (8) and a channel (15) formed therethrough. 
Moveably friction fitted in the channel (15) adjacent 
the inlet opening (6) is a piston (18). The piston (18) 
is biased upwardly by a stretchable element (20). 
The stretchable element (20) allows the top, of the 
piston (18) to be depressed by a syringe to a level 
adjacent .internal flow channels (28) to permit injec- 
tion and aspiration of fluids through the device. 
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CROSS REFERENCE TO RELATED APPLICA- 
TION 

The present application is a continuation-in-part 
of Application Serial No. 07/803,164 filed Decem- 
ber 6, 1991, which is hereby incorporated by refer- 
ence. 

BACKGROUND OF THE INVENTION 

This invention relates to a needleless access 
device for use with liquid flow and administrative 
apparatus for medical purposes. 

The use of hypodermic needles to inject or 
withdraw fluids in medical application has been 
standard practice for a number of years. Even 
where a patient already has an IV tubing set con- 
nected to a vein, hypodermic needles are fre- 
quently used to inject fluids into the IV tubing. 
Often a "Y connector" with a septum is provided in 
the tubing set for this very purpose. The needle is 
used to puncture the septum to administer the drug 
or other fluid, and the septum then sufficiently 
seals the opening to prevent airborne bacteria from 
entering the system. Septums are also common oh 
drug vials, where the needle is inserted to withdraw 
a quantity of the drug. 

The widespread use of hypodermic needles 
leads to numerous needle-stick accidents. These 
are not only painful, but if the needle is contami- 
nated, could cause serious disease or complica- 
tions in the needle-stick victim. There is thus a 
desire for needleless medical systems, where a 
fluid can be injected or aspirated without the use of 
a needle, but while maintaining an aseptic system. 

U.S. Patent No. 4,683,916 to Rainer discloses a 
normally closed reflux valve that, allows for the 
injection and aspiration of fluids when the valve is 
attached to a syringe. However, the valve has an 
open inlet area, thus allowing bacterial contamina- 
tion inside the inlet and on the valve components, 
which would be swept into the system when a fluid 
is injected. In addition, this valve is not designed to 
allow easy aseptic cleaning treatment of the valve's 
syringe contact surface. 

SUMMARY OF THE INVENTION 

The present invention includes a needleless 
access device and a method of using the device. 

The needleless access device of the present 
invention is provided with a piston that, in its nor- 
mally closed position, seals the iniet opening of the 
device to prevent bacterial contamination and 
maintain sterility. The design, is conducive to stan- 
dard septic cleaning of the piston surface which 
interfaces with the syringe. 



. Other aspects of the preferred embodiment of 
the invention include forming the device with a cap 
having an inlet opening and a body with an outlet 
opening. A stretchable member provides a biasing 

5 force to hold the piston in a closed position. The 
cap and body are" sealed together with a sonic 
weld with flash traps to prevent particles from con- 
taminating the fluid path. The edge of the stretcha- 
ble member may be captured between the cap and 

70 the body. These and other advantages, and the 
invention itself, will best be understood in reference 
to the attached drawings, a brief description of 
which follows: 

75 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a needleless 
access device of a first embodiment of the present 
invention. 

20 Fig. 2 is a top plan view of the device of Fig. 1. 

Fig. 3 is a cross-sectional view taken along the 
3-3 of Fig. 2. 

Fig. 3A is a partial cross-sectional view taken 
along line 3A-3A of Fig. 3. 
25 Fig. 4 is a top plan view of the internal piston 

and stretchable member of the device of Fig. 1. 

Fig. 5 is a cross-sectional view taken along line 
5-5 of Fig. 4. 

Fig. 6 is a cross-sectional view taken along line 
30 6-6 of Fig. 4. 

Fig. 7 is a cross-sectional view like Fig. 3 
showing the device of Fig. 1 in its actuated posi- 
tion. 

Fig. 8 is a side elevational view of a second 
35 embodiment of a needleless access device of the 
present invention. 

Fig. 9 is a top plan view of the device of Fig. 8. 
Fig. 10 is a cross-sectional view taken along 
line 10-10 of Fig. 9. 
40 Fig. 11 is a cross-sectional view taken along 

line 11-11 of Fig. 9. 

Fig. 12 is a top plan view of the piston and 
stretchable member of the device of Fig. 8. 
; Fig. 13 is a cross-sectional view of a third 
45 embodiment of a needleless access device of the 
present invention. 

Fig. 14 is a cross-sectional view of a fourth 
embodiment of a needleless access device of the 
present invention. 
50 Fig. 15 is a cross-sectional view of a fifth 

embodiment of a needleless device of the present 
invention. 

Fig. 16 is a cross-sectional view of a sixth 
embodiment, which is an improved version of the 
55 embodiment of Figs. 1 -7. 

Fig. 17 is a top plan view of the embodiment of 
Fig. 16. 
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Fig. 18 is a bottom plan view of the stretchable 
member of the device of Fig. 16. 

Fig. 19 is a cross-sectional : view of a seventh 
embodiment of a* needleless access device, using 
a metal spring to provide the biasing force. 

Fig. 20 is a representation of a modified cen- 
ter-core pin useable in the devices of Figs. 1-7, 8- 
12, 13, 14, 15, 16-18 and 19: 

DETAILED DESCRIPTION OF THE DRAWINGS 
AND OF THE PREFERRED EMBODIMENTS OF 
THE INVENTION 

A first preferred embodiment of the needleless 
access device 10 of the present invention is shown 
in Figs. 1-7. The needleless access device 10 
comprises a housing 12 made of a cap 14 and a 
body 16. The housing 12 has an inlet opening 6 
and outlet 8. Inside the top portion of cap 14, 
beginning at inlet opening 6. is a channel 15 for- 
ming a fluid passageway through the cap. The 
channel 1 5 is tapered so that the channel 1 5 and 
inlet 6 form a standard female luer. The outlet 8 is 
a standard male luer. 

A piston 18 is biased upwardly by a stretchable 
element 20 to fill the channel 15. As best seen in 
Figs. 4 and 6, the stretchable element 20 is gen- 
erally round with several holes 22 formed thereth- 
rough. In the preferred embodiment, the stretcha- 
ble element 20 and piston 18 are formed together 
as a unitary molded item. The outside edge of the 
stretchable element 20 comprises an enlarged area 
or rib 23 which is used to retain the edge of the 
stretchable element 20 in the housing 12. As 
shown in Figs. 3, 5 and 6, the rib 23 is circular in 
cross section, and is captured in concave areas 
formed in the mating surface of the cap 14 and 
body 16. 

The piston 18 of the preferred embodiment has 
a hole in its central portion which is filled by a pin 
24, bonded to adhere the soft piston material to the 
pin 24. The pin 24 is used to provide rigidity to the 
piston 18, and transfer forces applied at the top of 
the pin 24 to the bottom of the piston 18 and the., 
connected stretchable element 20. The top 26 of 
pin 24 is shaped to prevent occlusion of the end of 
a syringe or other device used to inject fluid 
through the housing 12. A wiper 1 seal 25 is provided 
on the perimeter of piston -18 near its top. The 
wiper seal 25 acts to seal the top of channel * 15 
and inlet 6 when the' piston 18 is in its normal 
position. The cap 14 includes three flow channels 
28 near the bottom of channel 15, formed in the 
sides of the cap 14 wall forming channel 15. 

As best seen in Fig. 7, when a syringe 5 is 
inserted into inlet opening 6, the tip of the syringe 
5 contacts the top 26 of pin 24. As the tip of the 
syringe 5 is forced into channel 15, the stretchable 



element 20 thins out as the piston 18 is forced into 
a cavity 19 formed in body 16. Piston 18 is de- 
pressed to a level such that the wiper seal 25 is 
just below the tops of flow channels 28. Fluid 

5 injected by the syringe 5 then flows out the tip, 
over the top 26 of pin 24, through flow channels 28, 
through holes 22 in stretchable element 20, into 
cavity 19 and out through outlet 8. 

When the syringe 5 is removed, the stretchable 

w element 20 contracts, forcing the piston 18 back 
upward in channel 15 and seating the openings 22 
against the inside of cap 14 to prevent backflow. 
The inside of cap 14 thus serves as a valve seat 
and the portion of stretchable" element ~20 "that 

is contacts the cap 14 thus serves as a valve mem- 
ber, producing a valve inside the housing that is 
normally biased closed by the stretchable element 
20. The wiper seal 25 acts to wipe the inside of the 
channel 15, leaving it in a clean state. The excess 

20 fluid left in the flow channels 28 is minimal. The top 
of piston 18 and top 26 of the center pin 24 can 
later be aseptically treated before the next injec- 
tion. 

Easy aseptic treatment is facilitated by the 
25 placement and configuration of the top surface of 
piston 18 relative to the inlet opening 6. Preferably, 
the top surface of piston 18 is flush with (as in Fig. 
3), or extends outwardly of, the inlet opening 6. In 
this manner, a cotton ball with disinfectant on it can 
30 easily clean the entire surface of the piston over 
which a medication will pass when injected. It is 
noted that if the top of piston 18 has other than a 
flat surface, the equivalent benefit is achieved if the 
perimeter of the top portion of piston 18 is not 
35 inward of the inlet opening 6, meaning that it is 
either flush with or extends outwardly of the inlet 
opening 6. 

A second embodiment of a needleless access 
device 40 of the present invention is shown in Figs. 

40 8-12. The device 40 is generally the same as the 
device 10 of Figs. 1-7. and thus similar elements 
have similar reference numbers. The primary dif- 
ference is that in device 40, the stretchable ele- 
ment 20 is elongated (Fig. 12) rather than round, 

45 and the housing 12 has a generally rectangular 
cross section (Fig. 9). The edges of stretchable. 
element 20 have a rib 23 (Fig. 10) formed only on 
the two shorter ends. The gap 14 and body 16 
therefore need only have cavities along two sides 

so for capturing the ribs 23. 

The stretchable element 20 does not have 
holes 22 therethrough. Instead, the stretchable ele- 
ment 20 is not quite as wide as the cavity 19 in 
body 16 (Fig. 11), and fluid injected into the device 

55 40 travels through flow channels 28 and flows 
around the long sides of stretchable element 20. 

A third embodiment of the. needleless access 
device 60 of the present invention is shown in Fig. 

3 
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13. The device 60 is generally the same as device 
10 of Figs. 1-7, and thus similar elements have 
similar reference numbers. The device 60 uses an 
insert molded pin 24 in piston 18. The primary 
other difference is that the rib 23 on the edge of £ 
stretchable member 20 has a rectangular cross 
section, and is thus captured by the cap 14 and 
body 16 in a slightly different fashion. 

While devices 10, 40 and 60 have a single inlet 
and outlet, the present invention is. useable in other 1 
configurations. The devices 70 and 80 of Figs. 14 
and 1 5 respectively may be used in the place of "Y/ 
connectors" in IV sets. The device 70 has a stan- 
dard female luer inlet 76 into chamber 79 and a 
standard male luer outlet 78. >The chamber 79 is 
fitted with a cap 74 similar to cap 14, that includes 
a channel 15, flow channels 28, piston 18 and 
stretchable member 20 with holes 22 therethrough 
as in device 10. The three port device 70 provides 
needleless access into an IV tubing set with all the 
benefits of needleless access provided by device 
10. The three port device 70 can also be used as 
an "add on", connecting directly to the bottom of 
an IV set. 

Device 80 . (Fig. 15) is identical to device 70 
except that the inlet 86 and outlet 88 are provided 
with standard tubing connectors instead of luer 
connectors so that the device 80 can be used for 
an IV set in-line connection. 

Device 90 (Fig. 16) is very similar to device 10 
of Figs. 1-7, and thus similar, elements have similar 
reference numbers. There are however, several no- 
ticeable improvements. First, pin 24 of device 90 is 
shaped differently at its top 26 (Fig. 17), though the 
shape of the top 26 of pin 24 still prevents occlu- 
sion of a syringe tip when the device 90 is used. 
Second, the piston 18 extends outwardly :of the 
inlet 6 when in its biased position. Third, the cap 
14 is provided with a sealing ring 13 (which shows 
up as two downwardly projecting shoulders? in 
cross-section in Fig. 16) at its lower inside diameter 
to contact with the stretchable element 20 and 
make a better seal when the piston 18 is in the 
closed position. Fourth, the concave areas in the 
cap 14 and body 16 used to capture rib 23 are 
enlarged to provide a gap 17 around the. rib 23, 
which has been found to allow the stretchable 
member 20 to contract more easily after use. Fifth, 
the wiper seal 25 has a more rounded shape, 
which cooperates with the top of piston 18 extend? 
ing outwardly , of the inlet opening 6. Sixth, as 
shown in Fig. 18, the holes 22 through the stretcha- 
ble element 20 of device 90 are shaped slightly 
different than those shown in Fig. 4 for device 10. 

in the preferred embodiments, . the cap 14, 
body 16 and pin 22 are injected molded from a 
clear, rigid plastic, such as acrylic, polycarbonate 
or PETG, preferably resistant to solvents such as 



alcohol. The piston 18 and stretchable member 20 
are preferably made of latex rubber or a silicon 
rubber. These materials have been found to pro- 
vide a good biasing force with minimal cold flow 
when the device is used. Other materials that could 
be used where cold flow is not a concern are 
Krayton, Sanoprene and Hytrel plastics. Also, the 
wiper seal 25 preferably provides a good seal . 
without also presenting excess drag when the pis- 
o ton 18 is depressed, or sticking when the piston 18 
is released, even though channel 15 is tapered. 
Harder rubber or plastics are therefore preferred for 
the wiper seal 25. Thus a two material component 
may be used, with a soft piston material and harder 
5 wiper seal material. The pin 24 is preferably either 
insert molded into or glued into piston 18. 

In the preferred embodiment, the cap 14 and 
body 16 are sonically welded together, and the 
joints therebetween are provided with flash traps 29 
20 (Figs. 3, 7, 10 and 13) to prevent any contaminants 
from the welding process from entering the fluid 
contact portions of the device. Also, the. inside 
shoulder 31 of body 16 should be rounded to 
provide a contoured wall to prevent sharp edges 
25 from contacting and cutting or tearing the stretcha- 
ble material. 

The preferred needleless access devices of the 
present invention have a number of advantages 
over the prior art. in addition to eliminating the 
30 need for needles. First, the inlet is, normally sealed, 
preventing bacterial contamination. Also, the top 26 
of pin 24. and the top of piston 18 are generally 
flush with, and preferably extend outwardly of, the 
inlet 6 and can easily be asepticaily treated before 
35 each use. Second, the pin 24 provides rigidity 
while the rest of the piston 18 and stretchable 
member 20 is made of a soft material to assume 
sealing and a good biasing action. Third, the 
stretchable element 20 is easily positioned and 
40 held in place by ribs 23. The cap 14 and body 16 
are easily molded with cavities for holding ribs 23 
during the assembly process. Fourth, the devices 
have small hold up volumes, reducing the amount 
of drug that is wasted. Fifth, the chamber 19 is 
45 designed to allow the piston. 18 and stretchable 
member 20 to move up and down without drag or 
interference. 

In addition to : the embodiments already de- 
picted, a number of other variations ; are contem- 
50 plated. For example, as in Fig. 19 (where again 
similar elements have like reference numbers), the 
device 100 has a piston 18 that is biased upwardly 
by a coil spring 102, preferably in the shape of 
helical coil, in cavity 19, rather than an elastomeric 
55 member with ends captured between top and bot- 
tom body housings. In device 100, the valve mem- 
ber comprises a radially extending portiorr of the 
bottom of piston 18 which seals against the sealing 
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ring 13. 

The support pin 24 of any of devices 10, 40, 
60, 70, 80, 90 and 100 could be modified such as 
shown in Fig. 20 so that the body 125 of the pin 24 
tapers as it extends upwardly to provide a gap 126 
at the top of the piston 18 between the support pin 
24 and the inside of the piston 18. The benefit of 
this design is that as the piston 18 is forced in- 
wardly, the piston can contract radially into the gap 
126 to compensate for the internal luer taper of the 
channel 15 through cap 14. Of course the same 
benefit might be achieved by maintaining the 
shape of support pin 24 and reshaping the piston 
18 to provide the gap 126. 

Instead of having flow channels 28 in cap 14, 
the cavity 19 could be sized to allow the top of 
piston 18 to be depressed below the bottom of 
channel 15, though in such an embodiment the top 
26 of pin 24 or some other member should be 
designed to maintain the alignment of the piston 18 
with the channel 15. 

The needleless access could be provided on 
drug vials and other applications, since aspiration 
and reverse flow are just as easy as injection 
through the device. 

Of course, other modifications may be made to 
the preferred embodiments disclosed herein with- 
out departing from the scope and spirit of the 
invention. It is therefore intended that the foregoing 
detailed description be regarded as illustrative rath- 
er than limiting, and that the following claims, in- 
cluding all equivalents, define the scope of the 
invention. 

Claims 

1. A needleless access device comprising: 

a housing having an inlet opening, an out- 
let opening, and a channel therethrough; and 

a moveable piston adjacent said inlet 
opening and biased so that the top surface of 
the piston is normally generally flush with the 
inlet opening to facilitate aseptic treatment of 
the top surface of the piston. 

2. The needleless access device of claim 1 
wherein the biasing is provided by a stretcha- 
ble member attached to the* bottom of the 
piston. - ' 

3. The needleless access device of claim 1 
wherein the perimeter of the top surface of the 
piston is not inward of the inlet opening when 
the piston is in its biased position. 

4. The needleless access device of claim 3 
wherein the top surface of the piston extends 
outwardly of the inlet opening when the piston 
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is in its biased position. 

5. The needleless access device of claim 1 
wherein the piston is inside said channel and 

5 further comprising a wiper seal formed on the 

top section of said piston for sealing the inlet 
opening and wiping the surface of the channel 
surrounding the piston during actuation and 
release of the piston . 

70 

6. The needleless access device of claim 2 
wherein said stretchable member has. at least 
one opening therethrough. 

75 7. The- needleless access device of claim 2 
wherein said stretchable member is comprised 
of rubber. 

8. The needleless access device of claim 1 
20 wherein said housing comprises a cap and a 

body sealed together by a sonic weld. 

9. The needleless access device of claim 1 
wherein said housing comprises a cap and 

25 said channel comprises a fluid passageway 

through said cap defined by a cap wall, and 
said cap includes at least one flow channel 
formed in the side of the cap wall for allowing 
fluids injected through said inlet to flow around 

30 said piston when the piston is forced to a 

position just below the top of said flow chan- 
nel. 

10. The needleless access device of claim 2 
35 wherein the housing comprises a cap and a 

body and wherein said stretchable member 
further comprises one or more ribs captured 
between said cap and said body to hold said 
stretchable member in position. 

40 

11. The needleless access device of. claim 2 
wherein the housing comprises a cap and a 
body and said channel comprises a fluid pas- 
sageway through said body, said body fluid 

45 passageway comprising a contoured wall to 

prevent cutting or tearing the stretchable mem- 
ber during actuation of said piston. 

12. The needleless access device of claim 1 
so wherein said inlet opening and channel form a 

standard female luer and said outlet comprises 
a standard male luer. 

13. The needleless access device of claim 1 com- 
55 prising an additional inlet in fluid communica- 
tion with said outlet. 
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14. The needleless access device of claim 1 
wherein at least one of said inlet and said 
outlet comprises a tubing connection. 

15. The needleless access device of claim 2 
wherein the piston and the stretchable member 
are molded as a unitary member. 

16. A needleless access device comprising: 

a cap having an inlet opening and a chan- 
nel formed therein; 

a piston movably friction fitted in said 
channel and being biased upward to seal said 
inlet opening; 

a stretchable member connected to the 
bottom of said piston to provide said biasing; 
and 

a body having an outlet opening formed 
therein, said body attached to said cap. said 
stretchable member having edges locked be- 
tween said body and said cap. 

17. The needleless access device of claim 16 
wherein the cap further, comprises one or more 
flow channels exposed when said piston is 
forced down said channel. 

1a The needleless access device of claim 2 
wherein the biasing is provided by a coil 
spring. 

19. A method for operating a needleless access 
device comprising a moveable piston fitted in a 
cap having an inlet opening and channel 
formed therein for receiving a syringe, said 
cap, including at least one flow channel formed 
in the side wall of the cap, said piston compris- 
ing a wiper seal sealing said channel above 
the entrance opening to said flow channel and 
said piston being biased towards the inlet 
opening, by a stretchable member; comprising 
the step of: 

inserting a- syringe through said inlet open- 
ing and using the syringe to force said piston 
down said channel to a location where, said 
wiper seal moves past said opening to said at 
least one flow channel to permit injection and 
aspiration of fluids through the device. 

20. The method of claim 19 further comprising the 
step of withdrawing the syringe from said inlet 
opening to allow said stretchable member to 
contract and seal against said cap to prevent 
back flow, and to allow said wiper seal to slide 
along said channel and wipe said channel 
clean. 



a) a housing having an inlet opening, an 
outlet opening and a channel therethrough; 

b) a moveable piston adjacent said inlet 
opening and biased so that the top surface 
of the piston is normally generally flush with 
the inlet opening; and 

c) a center support pin in said piston for 
transmitting force applied at the top of the 
pin to the bottom of the piston. 

22. The needleless access device of claim 21 
wherein the top surface of the center support 
pin protrudes out of the top of the piston. 

23. A needleless access device comprising: 

a) a cap having an inlet opening and a 
channel formed therein; 

b) a piston movably friction fitted in said 
channel and being biased upward to seal 
said inlet opening, the piston being of a soft 
material and comprising an insert molded 
center core pin for providing rigidity to the 
piston; 

c) a stretchable member connected to the 
25 bottom of said piston to provide said bias- 
ing; and. 

d) a body having an outlet opening formed 
therein, said body attached to said cap. said 
stretchable member having edges locked 

30 between said body and said cap. 

24. The needleless access device of claim 23 
wherein the top surface of the center support 
pin protrudes out of the top of the piston. 
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25. The needleless access device of claim 21 
wherein said center support pin has a con- 
toured top surface shaped to prevent occlusion 
of a syringe tip during injection or aspiration of 
fluid through the device. 



26. The needleless access device of claim 1 
wherein the top surface of the piston is flush 
with the inlet opening when the piston is in its 

45 - biased position. 

27. The needleless access device of claim 21 hav- 
ing a gap at the top of the piston between the 



support pin and the inside of the piston. 



50 
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21. A needleless access device comprising: 
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© The present invention relates to a needleless 
access device (10) and method of using the device. 
The needleless access device (10) has a housing 
(12) having an inlet opening (6) and an outlet open- 
ing (8) and a channel (15) formed therethrough. 
Moveably friction fitted in the channel (15) adjacent 
the inlet opening (6) is a piston (18). The piston (18) 
is biased upwardly by a stretchable element (20), 
The stretchable element (20) allows the top of the 
piston (18) to be depressed by a syringe to a level 
adjacent internal flow channels (28) to permit injec- 
tion and aspiration of fluids through the device. 
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